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SEPARATING IONS 



Field of the Invention 

[001] The instant invention relates generally to high field asymmetric waveform ion 
mobility spectrometry (FAIMS), more particularly the instant invention relates to a 
FAIMS apparatus having stacked electrodes and a method therefore. 

Background of the Invention 

[002] High sensitivity and amenability to miniaturization for field-portable 
applications have helped to make ion mobility spectrometry (IMS) an important 
technique for the detection of many compounds, including narcotics, explosives, and 
chemical warfare agents as described, for example, by G. Eiceman and Z. Karpas in their 
book entitled "Ion Mobility Spectrometry" (CRC, Boca Raton, 1994). In IMS, gas-phase 
ion mobilities are determined using a drift tube with a constant electric field. Ions are 
separated in the drift tube on the basis of differences in their drift velocities. At low 
electric field strength, for example 200 V/cm, the drift velocity of an ion is proportional 
to the applied electric field strength, and the mobility, K, which is determined from 
experimentation, is independent of the applied electric field. Additionally, in IMS the 
ions travel through a bath gas that is at sufficiently high pressure that the ions rapidly 
reach constant velocity when driven by the force of an electric field that is constant both 
in time and location. This is to be clearly distinguished from those techniques, most of 
which are related to mass spectrometry, in which the gas pressure is sufficiently low that, 
if under the influence of a constant electric field, the ions continue to accelerate. 

[003] E.A. Mason and E.W. McDaniel in their book entitled "Transport Properties of 
Ions in Gases" (Wiley, New York, 1988) teach that at high electric field strength, for 
instance fields stronger than approximately 5,000 V/cm, the ion drift velocity is no longer 
directly proportional to the applied electric field, and K is better represented by Kh, a 
non-constant high field mobility term. The dependence of Kr on the applied electric field 
has been the basis for the development of high field asymmetric waveform ion mobility 
spectrometry (FAIMS). Ions are separated in FAIMS on the basis of a difference in the 
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mobility of an ion at high field strength, Kh, relative to the mobility of the ion at low field 
strength, K. In other words, the ions are separated due to the compound dependent 
behavior of Kh as a function of the applied electric field strength. In this application, 
electric field E will be used for simplicity to denote the more accurate term E/N where N 
is the number density of the bath gas. 

[004] In general, a device for separating ions according to the FAIMS principle has an 
analyzer region that is defined by a space between first and second spaced-apart 
electrodes. The first electrode is maintamed at a selected dc voltage, often at ground 
potential, while the second electrode has an asymmetric waveform V(t) applied to it. The 
asymmetric waveform V(t) is composed of a repeating pattern including a high voltage 
component, Vh, lasting for a short period of time in and a lower voltage component, Vl, 
of opposite polarity, lasting a longer period of time tL. The waveform is synthesized such 
that the integrated voltage-time product, and thus the field-time product, applied to the 
second electrode during each complete cycle of the waveform is zero, for instance Vh in 
+ Vl tL = 0; for example +2000 V for 10 |j.s followed by -1000 V for 20 jxs. The peak 
voltage during the shorter, high voltage portion of the waveform is called the "dispersion 
voltage" or DV, which is identically referred to as the applied asymmetric waveform 
voltage. 

[005] Generally, the ions that are to be separated are entrained in a stream of gas 
flowing through the FAIMS analyzer region, for example between a pair of horizontally 
oriented, spaced-apart electrodes. Accordingly, the net motion of an ion within the 
analyzer region is the sum of a horizontal x-axis component due to the stream of gas and 
a transverse y-axis component due to the applied electric field. During the high voltage 
portion of the waveform an ion moves with a y-axis velocity component given by vh = 
KhEh, where Eh is the applied field, and Kh is the high field ion mobility under operating 
electric field, pressure and temperature conditions. The distance traveled by the ion 
during the high voltage portion of the waveform is given by dn = vntn = KnEHtH* where 
tn is the time period of the applied high voltage. During the longer duration, opposite 
polarity, low voltage portion of the asyiimietric waveform, the y-axis velocity component 
of the ion is vl = KEl, where K is the low field ion mobility under operating pressure and 
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temperature conditions. The distance traveled is dL = VLtL= KELtL. Since ttie asymmetric 
wavefomi ensures that (Vh tn) + (Vl ti) = 0, the field-time products EhIh and EiXl are 
equal in magnitude. Thus, if Kh and K are identical, dn and are equal, and the ion is 
returned to its original position along the y-axis during the negative cycle of the 
waveform. If at Eh the mobility Kh> K, the ion experiences a net displacement from its 
original position relative to the y-axis. For example, if a positive ion travels farther 
during the positive portion of the waveform, for instance du > du then the ion migrates 
away from the second electrode and eventually will be neutralized at the first electrode. 

[006] In order to reverse the transverse drift of the positive ion in the above example, 
a constant negative dc voltage is applied to the second electrode. The difference between 
the dc voltage that is applied to the first electrode and the dc voltage that is applied to the 
second electrode is called the "compensation voltage" (CV). The CV voltage prevents 
the ion from migrating toward either the second or the first electrode. If ions derived 
from two compounds respond differently to the applied high strength electric fields, the 
ratio of Kh to K may be different for each compound. Consequently, the magnitude of 
the CV that is necessary to prevent the drift of the ion toward either electrode is also 
different for each compound. Thus, when a mixture including several species of ions, 
each with a unique Kr/K ratio, is being analyzed by FAIMS, only one species of ion is 
selectively transmitted to a detector for a given combination of CV and DV. In one t3rpe 
of FAIMS experiment, the applied CV is scanned with time, for instance the CV is 
slowly ramped or optionally the CV is stepped from one voltage to a next voltage, and a 
resulting intensity of transmitted ions is measured. In this way a CV spectrum showing 
the total ion current as a function of CV, is obtained. 

[007] Several versions of parallel plate FAIMS and multiple plate FAIMS are known 
in the art In each case, ions are introduced into the FAIMS system via an ion inlet, and 
are carried between the plates by a flow of a gas. The ions are transported from an inlet 
edge of the plates to an opposite outlet edge of the plates by the flow of a gas, during 
which time the ions are separated. For instance, those ions having appropriate high field 
mobility properties for a given combination of applied DV and CV are selectively 
transmitted between the plates. Of course, some of these ions are lost through collisions 
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with the plates, since the ions are free to diffuse in any of 3 dimensions, including in a 
direction towards the plates. 

[008] It is a limitation of the prior art flat plate FAIMS that the cross section of the 
beam of transmitted ions is large compared to the size of the ion outlet This results in 
poor transmission to a detector or to another analyzer arranged in tandem with the 
FAIMS. It is therefore an object of the instant invention to provide an apparatus that 
improves ion extraction for a flat plat FAIMS analyzer. 

Summary of the Invention 

[009] In accordance with an aspect of the instant invention there is provided an 
apparatus for separating ions comprising an electrode stack having a length and 
comprising a plurality of electrodes, each electrode of the electrode stack being spaced 
apart from an adjacent electrode of the electrode stack in a direction along the length of 
the electrode stack, each electrode of the electrode stack having an edge defining a 
portion of an edge of the electrode stack; at least an electrode spaced apart from the edge 
of the electrode stack in a direction transverse to the length of the electrode stack, the 
space between the at least an electrode and tfie edge of the electrode stack defining an 
analytical gap for allowing ions to propagate therebetween; and, at least an electrical 
controller for electrically coupling to at least one of an electrode of the plurality of 
electrodes of the electrode stack and the at least an electrode, for applying an asymmetric 
waveform voltage between the electrode of the plurality of electrodes of the electrode 
stack and the at least an electrode and for applying a direct current voltage between the 
electrode of the plurality of electrodes of the electrode stack and the at least an electrode 
so as to establish an electric field within the analytical gap. 

[OOiO] In accordance with another aspect of the instant invention there is provided an 
apparatus for separating ions comprising: a first electrode stack having a length and 
comprising a plurality of electrode plates, each electrode plate of the first electrode stack 
being spaced apart from an adjacent electrode plate in a direction along the length of the 
first electrode stack, each electrode plate of the first electrode stack having an edge 
defining a portion of an edge of the first electrode stack; a second electrode stack having 
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a length, the length of the second electrode stack being substantially similar to the length 
of the first electrode stack, the second electrode stack comprising a second plurality of 
electrode plates, each electrode plate of the second electrode stack being spaced apart 
from an adjacent electrode plate in a direction along the length of the second electrode 
stack, each electrode plate of the second electrode stack having an edge defining an edge 
of the second electrode stack, the edge of the second electrode stack facing the edge of 
the first electrode stack in a spaced apart arrangement and defining an analytical gap for 
allowing ions to propagate therebetween; and, at least an electrical controller for 
electrically coupling to at least one of an electrode plate of the first plurality of electrode 
plates of the first electrode stack and an electrode plate of the second plurality of 
electrode plates of the second electrode stack, for applying an asymmetric waveform 
voltage between the first electrode stack and the second electrode stack and for applying 
a direct current voltage between the first electrode stack and the second electrode stack so 
as to establish an electric field within the analytical gap. 

[001 1] In accordance with yet another aspect of the instant invention there is provided 
an apparatus for separating ions comprising: an electrode stack having a length and 
comprising a plurality of electrodes, each electrode of the electrode stack being spaced 
apart from an adjacent electrode in a direction along the length of the electrode stack; an 
electrode plate spaced apart from the electrode stack and having a surface facing the 
plurality of electrodes of the electrode stack and being oriented such that a minimum 
distance between each electrode of the electrode stack and the surface of the electrode 
plate is substantially a same minimum distance, as measured in a direction normal to a . 
portion of the surface of the electrode plate proximate each electrode of the electrode 
stack, the space between the flat dectrode plate and the electrode stack defining an 
analytical gap for allowing ions to propagate therethrough in a direction along the length 
of the electrode stack; and, at least an electrical controller for electrically coupling to at 
least one of an electrode of the plurality of electrodes of the electrode stack and the flat 
electrode plate, for applying an asymmetric waveform voltage between the electrode of 
the plurality of electrodes of the electrode stack and the flat electrode plate and for 
applying a direct current voltage between the electrode of the plurality of electrodes of 
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the electrode stack and the flat electrode plate so as to establish an electric field within 
the analytical gap. 

[0012] In accordance with still another aspect of the instant invention there is provided 
an apparatus for separating ions comprising: an electrode assembly including; at least a 
first electrode comprising a first plurality of electrode portions; at least a second electrode 
comprising a second plurality of electrode portions arranged in alternating sequence with 
the first plurality of electrode portions along a first direction; an electrode plate spaced 
apart from the first plurality of electrode portions and the second plurality of electrode 
portions in a second direction transverse to the first direction, the space between the 
electrode plate and the first plurality of electrode portions and the second plurality of 
electrode portions defining an analytical gap for allowing ions to propagate therethrough 
along approximately the first direction; and, at least an electrical controller for 
electrically coupling to at least one of the at least a first electrode, the at least a second 
electrode and the electrode plate for establishing an electrical field within the analytical 
gap resulting from the application of an asymmetric waveform voltage and a direct 
current yoltage between the at least a first electrode, the at least a second electrode and 
the electrode plate, whereby ions having suitable high field mobility properties for a 
given combination of applied asymmetric waveform voltage and direct current voltage 
are selectively transmitted through the analytical gap. 

[0013] In accordance with still another aspect of the instant invention there is provided 
an apparatus for separating ions comprising: at least an electrical controller; and, an 
electrode assembly including; at least a first electrode comprising a first plurality of 
electrode portions in electrical communication with the at least an electrical controller for 
receiving at least an asymmetric waveform voltage; at least a second electrode 
comprising a second plurality of electrode portions arranged in alternating sequence with 
the first plurality of electrode portions along a first direction, the second plurality of 
electrode portions in electrical communication with the at least an electrical controller for 
receiving a direct current voltage; at least a third electrode spaced apart from the at least a 
first electrode and the at least a second electrode in a second direction transverse to the 
first direction, the at least a third electrode comprising a third plurality of electrode 
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portions in electrical communication with the at least an electrical controller for receiving 
at least an asymmetric waveform voltage; and, at least a fourth electrode comprising a 
fourth plurality of electrode portions arranged in alternating sequence with the third 
plurality of electrode portions along the first direction, the fourth plurality of electrode 
portions in electrical communication with the at least an electrical controller for receiving 
a direct current voltage, wherein the space between the at least a third electrode and the at 
least a first electrode defines an analytical gap for selectively transmitting ions passing 
therethrough along approximately the first direction at a given combination of applied 
asymmetric waveform and direct current voltages. 

[0014] In accordance with still another aspect of the instant invention there is provided 
a method of separating ions comprising the steps of: introducing ions into a first space . 
defined between adjacent electrode plates of a stacked parallel plate high field 
as3mimetric waveform ion mobility spectrometer; performing a first separation of the ions 
within the first space, to selectively transmit a subset of the ions along a first direction 
between a first end of the electrode plates and a second end of the electrode plates that is 
opposite the first end; performing a second separation of the ions within a second space 
defined between the second end of the electrode plates and at least another electrode, to 
selectively transmit some of the subset of the ions along a second direction approximately 
transverse to the first direction between the second end of the electrode plates and an ion 
outlet. 

[0015] In accordance with still another aspect of the instant invention there is provided 
a method of separating ions comprising the steps of: providing a high field asymmetric 
waveform ion mobility spectrometer including a plurality of spaced-apart electrodes that 
are stacked one relative to another in a first direction, and at least another electrode that is 
spaced apart from the plurality of spaced-apart electrodes in a second direction transverse 
to the first direction, the space between the plurality of spaced-apart electrodes and the at 
least another electrode defining an analytical gap; providing an electric field within the 
analytical gap by the application of an asymmetric waveform voltage between the 
plurality of spaced-apart electrodes and the at least another electrode and by the 
application of a direct current voltage between the plurality of spaced-apart electrodes 
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and the at least another electrode; and, selectively transmitting ions within the analytical 
gap along the first direction between an ion inlet end and an ion outlet end of the 
analytical gap. 

Brief Description of the Drawings 

[0016] Exemplary embodiments of the invention will now be described in conjunction 
with the following drawings, in which similar reference numbers designate similar items: 

[0017] Figure 1 is a simplified cross sectional view of a stacked parallel plate FAIMS 
analyzer according to an embodiment of the instant invention; 

[0018] Figure 2a illustrates the effect of electric fields within the stacked parallel plate 
FAIMS analyzer of Figure 1 on the trajectory of an ion; 

[0019] Figure 2b is a simplified end view illustrating the shape of the electrodes of the 
stacked parallel plate FAIMS analyzer of Figure 1; 

[0020] Figure 2c is a simplified isometric view illustrating tiie shape of the electrodes 
of the stacked parallel plate FAIMS analyzer of Figure 1; 

[0021] Figure 2d is a simplified end view illustrating an alternative shape of the 
electrodes of the stacked parallel plate FAIMS analyzer of Figure 1; 

[0022] Figure 2e shows a simplified cross sectional view of another FAIMS analyzer 
according to an embodiment of the instant invention, including a formed electrode; 

[0023] Figure 3a is a simplified cross sectional view of another stacked parallel plate 
FAIMS analyzer according to an embodiment of the instant invention, in a first mode of 
operation; 

[0024] Figure 3b shows the stacked parallel plate FAIMS analyzer of Figure 3b in a 
second mode of operation; 

[0025] Figure 4 is a simplified cross sectional view of still another stacked parallel 
plate FAIMS analyzer according to an embodiment of the instant invention; 
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[0026] Figure 5 shows an optional pattern of gas flow through the stacked parallel plate 
FAIMS analyzer of Figure 4; 

[0027] , Figure 6 illustrates an example of an ion trajectory through the stacked parallel 
plate FAIMS analyzer of Figure 4; 

[0028] Figure 7 illustrates the effect of electric fields within the stacked parallel plate 
FAIMS analyzer of Figure 4 on the trajectory of an ion; 

[0029] Figure 8a is a simplified cross sectional view of another stacked electrode 
FAIMS analyzer according to an embodiment of the instant invention; 

[0030] Figure 8b is a simplified isometric view illustrating the shape of the electrodes 
of the stacked electrode FAIMS analyzer of Figure 8a; 

[0031] Figure 9a shows an optional electrode arrangement of the stacked parallel plate 
FAIMS analyzer of Figure 4; 

[0032] Figure 9b shows an optional electrode arrangement of the stacked parallel plate 
FAIMS analyzer of Figure 1; 

[0033] Figure 10 shows the stacked parallel plate FAIMS analyzer of Figure 4 with an 
adjustable electrode stack; 

[0034] Figure 1 1 shows a simplified cross sectional view of a FAIMS analyzer 
according to an embodiment of the instant invention, including a formed electrode; 

[0035] Figure 12 shows a simplified cross sectional view of a FAIMS analyzer 
according to an embodiment of the instant invention, including two formed electrodes; 

[0036] Figure 13 shows a simplified cross sectional view of another FAIMS analyzer 
according to an embodiment of the instant invention, including two formed electrodes; 
and, 

[0037] Figure 14 shows a simplified flow diagram for a method of separating ions 
according to an embodiment of the instant invention. 
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Detailed Description of the Invention 

[0038] The following description is presented to enable a person skilled in the art to 
make and use the invention, and is provided in the context of a particular application and 
its requirements. Various modifications to the disclosed embodiments will be readily 
apparent to those skilled in the art, and the general principles defined herein may be 
applied to other embodiments and applications without departing from the spirit and the 
scope of the invention. Thus, the present invention is not intended to be limited to the 
embodiments disclosed, but is to be accorded the widest scope consistent with the 
principles and features disclosed herein. 

[0039] Referring to Figure 1, shown is a simplified cross sectional view of a stacked 
parallel plate FAIMS analyzer according to an embodiment of the instant invention. The 
stacked parallel plate FAIMS analyzer, which is shown generally at 10 in Figure 1, 
includes an ion inlet plate 12 with an ion inlet 14, and an ion outlet plate 16 with an ion 
outlet 18. A not illustrated electrically insulating material supports the plates 12 and 16 
in a spaced-apart parallel arrangement. An analytical gap 20, which extends between the 
ion inlet plate 12 and the ion outlet plate 16, is defined between an edge of an electrode 
stack 24 and a facing surface of a flat plate electrode 22. The electrode stack 24 includes 
a plurality of electrode plates that are arranged in a spaced-apart parallel arrangement 
relative to one another and relative to each one of the ion inlet plate 12 and the ion outlet 
plate 16. Of course, the electrically insulating material in which the plurality of electrode 
plates and the flat plate electrode 22 are supported has been omitted in Figure 1 for the 
sake of clarity. 

[0040] Individual electrode plates of the electrode stack 24 are categorized into two 
different types of electrode plates 26 and 28, which are identified conveniently by the 
electric voltages applied to them by a not illustrated electrical controller. For example, 
each one of the electrode plates 26 has an asymmetric waveform and a dc voltage applied 
to it; whilst each one of the electrode plates 28 has a dc voltage applied to it, or is held at 
ground potential. Additionally, the flat plate electrode 22 has a dc voltage applied to it, 
or is held at ground potential. Optionally, different dc voltages are applied to one or both 
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of the ion inlet plate 12 and the ion outlet plate 16, Of course, many ottier possible 
combinations of applying the dc voltages and the asymmetric waveforai voltages to the 
electrode plates of the stacked parallel plate FAIMS analyzer 10 will be apparent to one 
of skill in the art. It should be understood that the above example is intended to serve 
only as a specific and non-limiting example to facilitate a more complete understanding 
of the instant invention. 

[0041] Referring still to Figure 1, ions 30 are produced at a not illustrated ionization 
source and enter the stacked parallel plate FAIMS analyzer 10 via ion inlet 14 in the ion 
inlet plate 12. Preferably, the ions are transported through the ion inlet 14 in a gas flow 
35. The ions 30 pass along the analytical gap 20 between the electrode stack 24 and the 
flat plate electrode 22. Optionally, a gas flow 32 is provided from between one or more 
pairs of electrodes of the electrode stack 24, or from between an electrode of the 
electrode stack 24 and the ion inlet plate 12. Further optionally, a second gas flow 34 is 
provided from between the flat plate electrode 22 and the ion inlet plate 12. The gas 
flows 32, 34, and 35 converge in a region 36 adjacent to the ion outlet 18, and exit the 
analytical gap 20 via the ion outlet 18. Ions in the analytical gap 20 between the flat plate 
electrode 22 and the electrode stack 24 are channelled towards and through the ion outlet 
18 as a result of the convergence of gas flows 32, 34, and 35 to the region.36 adjacent to 
the ion outlet 18. Since the stacked parallel plate FAIMS analyzer 10 transports and 
separates ions based upon the FAIMS principle, only a sub-set 38 of the original mixture 
of ions 30 is transported to the ion outlet 18. Some of these selectively transported ions 
38 pass through the ion outlet 18, and may be transported to one of an ion detection 
system, another ion mobility spectrometer, or alternatively to a mass spectrometer for 
further analysis. 

[0042] Figure 2a illustrates the effect of electric fields within the stacked parallel plate 
FAIMS analyzer of Figure 1 on the trajectory of an ion. Elements labeled with the same 
numerals have the same function as those illustrated in Figure 1. As discussed with 
reference to Figure 1, the asynometric waveform and a dc voltage are applied to electrode 
plates 26, and a dc voltage (or optionally ground potential) is applied to electrode plates 
28 and 22. The electric field that is established between a pair of electrode plates 26 and 
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28 includes a variable component relating to the application of the asymmetric wavef omi, 
and a constant in time component relating to the different dc voltages on the electrode 
plates, i.e. the CV. Furthermore, the application of the asymmetric waveform results in 
an electric field that is stronger in one polarity than in the other. Since the mobility of the 
ion may be higher or lower in the stronger field than in the lower field of opposite 
polarity, the oscillation of the ion may cause it to drift towards one of the electrodes. The 
dc component of the electric field is applied in order to counteract, or compensate, for 
this drift. Under the correct combination of asymmetric waveform and applied dc voltage 
difference between the electrode plates, ions with an appropriate ratio of mobility at high 
field to mobility at low field are in a balanced condition. In other words, the drift effect 
caused by the electric field arising from the applied CV just matches the drift effect 
caused by application of flie waveform with peak voltage DV, 

[0043] The electric field between electrodes 26 and 28 is constant in space, i.e. uniform 
between the electrodes. However, the electric field between electrodes 26 and 28 begins 
to change near the edges of the electrodes. The field at the edge of each electrode 26 
varies in strength with distance away from the edge and extends into the analytical gap 
20. The application of the DV and the CV combined with the non-uniform field at the 
edge results in an ion-focusing region 40 proximate to electrode 26 in which ions 
maintain ttieir balanced condition. That is to say, at distances very close to the edge of 
electrode 26 where the field is strong the ions migrate away from the electrode 26 to the 
region 40, and at positions in the analytical gap 20 where the field is weaker the ions 
migrate towards the electrode 26 to region 40. Ions are extracted from region 40 under 
the influence of, for example, a gas flow 42 or a potential gradient along the length of the 
electrode stack. 

[0044] The following is a specific and non-limiting example, and is provided in order 
to facilitate a better understanding of the effect of the electric fields within the stacked 
parallel plate FAIMS analyzer of Figure 1 on the trajectory of an ion. In the instant 
example, an ion of positive polarity whose mobility increases with an increase in field 
strength is in a balanced condition between the electrode plates 26 and 28 with 
DV=+4000 volts and CV=-10 volts. In one method of application, the asymmetric 
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waveform and the CV are both applied to electrode plates 26, and the other plates 
including the electrode plates 28 and the flat plate electrode 22 are held at a dc voltage of 
0 V. Without consideration of the waveform, this means that the dc level of the plates 26 
is -10 volts and the plates 28 and 22 are at 0 volts. Under these conditions a positively 
charged ion located between plates 26 and 28, or at the ends of the plates 26 adjacent to 
plate 22 is always attracted towards plate 26. The application of the waveform tends to 
counteract the motion of the ion towards plate 26, provided the mobility of the ion during 
the high voltage portion of the waveform is sufficiently higher than the mobility of the 
ion during the low voltage portion of the waveform. Ignoring the effect of the dc fields, 
such an ion realizes a net displacement away from electrode 26 in the time of one cycle 
of the waveform. When the pull of the dc fields between plates 26 and 28 is just strong 
enough to balance the effect caused by the asymmetric waveform, it can be assumed that 
if the fields originating from the waveform are increased the ions located between the 
plates will move away from plates 26, and if the fields of the waveform are decreased, 
then the ions located between the plates will tend to move towards the plates 26. The 
nature of the electric field changes at the edges of the plates 26 from constant to non- 
constant in space. Since the field is a function of distance relative to the ends of the 
electrodes 26, llie direction and velocity of motion of the ion also becomes a function of 
distance. Near the end of the electrode 26 the field caused by the waveform is strong 
relative to the field that exists in a region between adjacent electrodes 26 and 28, and the 
ions move towards the balance region indicated as 40. At greater distances from the end 
of the electrode 26, the electric field generated from application of the waveform is 
weaker and the original effect of the CV, namely to attract the ions towards the plates 26, 
predominates. 

[0045] Referring still to Figure 2a, the ion trajectory is a result of selecting the 
appropriate combination of dc voltages to apply to the electrodes 26, 28 and 22. The 
waveform is applied (in this example) to electrodes 26. The dc voltages applied to 26, 
28, and 22 are selected to achieve the required dc differences that produce the fields 
necessary to compensate for the effect of the waveform. For instance, in the above 
example the electrode 26 is biased -10 volts relative to electrodes 28 and 22. Of course, 
applying -5 volts to electrodes 26 and +5 volts to electrodes 28 achieves the same electric 
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fields between electrodes 26 and 28, The balancing condition for the ion simply requires 
the 10-volt difference between the electrodes with correct polarization. Furthermore, the 
voltage difference between electrodes 26 and 28 and between 26 and 22 can also be 
selected. As noted above electrode 26 can be held at -5 volts and electrode 28 held at +5 
volts! This suggests that the dc voltage applied to flat plate electrode 22 might be 
selected to push the ions toward electrodes 26 and pull the ions away from electrodes 28. 
A voltage of 0 volts applied to flat plate electrode 22 would have this effect. The voltage 
applied to flat plate electrode 22 must be established empirically by measurement of the 
efficiency of transport of ions carried by gas flow 42 through the analytical gap 20. At 
appropriate voltages applied to electrodes 26, 28 and 22, combined with the waveform 
applied to electrodes 26, the ion will approximately follow trajectory 44 through the 
analytical gap 20 between the electrode stack 24 and the flat plate electrode 22. The flow 
of gas 42 carries the ions along the analytical gap 20. 

[0046] The ions tend to move to the focusing regions marked at 40, because of the 
attractive dc fields caused by the application of CV. The ions are carried out of the 
focusing region by the gas flow 42, and with appropriate voltages will move away from 
electrode 28. Once past electrode 28, the ion will begin to move towards the next 
electrode 26 in the electrode stack 24. This undulating motion continues as the ions 
traverse the analytical gap 20 between the electrode stack 24 and the parallel plate 
electrode 22. Ions with other than a correct ratio of high field mobility to low field 
mobility suffer collisions with an electrode surface prior to being carried to the ion outlet 
18. Although this discussion assumes a positive ion, with mobility that increases with 
electric field strength (recalling that field strength is being used to represent E/N), one of 
skill in the art will appreciate that the electrode arrangement shown in Figure 1 can be 
used to separate negative ions and ions of either polarity whose mobility increases or 
decreases with E/N. 

[0047] Referring now to Figure 2b, shown is a simplified end view illustrating the 
shape of the electrodes of the stacked parallel plate FAIMS analyzer of Figure 1. 
Elements labeled with the same numerals have the same function as those illustrated in 
Figure 1. The electrodes 26 and 28 preferably are approximately rectangular in shape 
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when viewed from above, and have a width along an edge thereof adjacent to the gap 20. 
The flat plate electrode 22 is preferably of approximately a same width as the electrodes 
26 and 28. The thickness of the flat plate electrode 22 is not a critical consideration 
provided there is a conductive surface. 

[0048] Referring now to Figure 2c, shown is a simplified isometric view illustrating the 
shape of the electrodes of the stacked parallel plate FAIMS analyzer of Figure 1. 
Elements labeled with the same numerals have the same function as those illustrated in 
Figure 1. As is evident from Figure 2c, the electrodes 26 and 28 preferably have a 
thickness in a direction along the length of the stack 24 that is smaller than either the 
width or the length of the electrodes. 

[0049] Referring now to Figure 2d, shown is a simplified end view illustrating an 
altemative shape of the electrodes of the stacked parallel plate FAIMS analyzer of Figure 
1. Elements labeled with the same numerals have the same function as those illustrated 
in Figure 1. Instead of having a flat edge adjacent to the analytical gap 124 as shown in 
Figure 2b, the altemate shape electrodes 26a and 28a have a curved edge 120. An 
analytical gap' 124 is defined between the curved edge 120 of the altemate shape 
electrodes 26a and 28a and a curved surface 122 of a curved plate electrode 22a. The 
three dimensional orientation of the altemate shape electrodes 26a and 28a relative to the 
curved plate electrode 22a is otherwise substantially similar to that shown at Figure 2c. 

« 

[0050] Referring now to Figure 2e, shown is a simplified cross sectional view of 
another FAIMS analyzer according to an embodiment of the instant invention and 
including a formed electrode. The FAIMS analyzer includes a not illustrated electrical 
controller that is connectable to an electrode assembly shown generally at 170 in Figure 
2e. The electrode assembly 170 includes a formed electrode in the form of a first 
electrode 172 including a first plurality of electrode portions 176 and a plurality of 
spaced-apart electrode plates 174, The first electrode 172 is embedded within an 
electrically insulating material 180a, 180b, such that the portions 176 of the first 
electrode 172 are disposed between and are electrically isolated from adjacent electrode 
plates 174. 
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[0051] For example, during use, at least an asymmetric waveforai is applied to one of 
the first electrode 172 and the plurality of spaced-apart electrode plates 174. A dc 
voltage is applied to the other one of the first electrode 172 and the plurality of spaced- 
apart electrode plates 174, Additionally, a not illustrated electrode plate has a dc voltage 
applied to it, or is held at ground potential. The not illustrated electrode plate is spaced 
apart from the first electrode 172 and the plurality of spaced-apart electrode plates 174, 
so as to define an analytical gap between the not illustrated electrode plate and the first 
electrode 172 and the plurality of spaced-apart electrode plates 174. Of course, many 
other possible combinations of applying the dc voltages and the asymmetric waveform to 
the electrode assembly 170 will be apparent to one of skill in the art. It should be 
understood that the above example is intended to serve only as a specific and non- 
limiting example to facilitate a more complete understanding of the instant invention. 

[0052] Referring now to Figure 3a, shown is a simplified cross sectional view of 
another stacked parallel plate FAIMS analyzer according to an embodiment of the instant 
invention. Elements labeled with the same numerals have the same function as those 
illustrated in Figure 1. The stacked parallel plate FAIMS analyzer of Figure 3a differs 
from the stacked parallel plate FAIMS analyzer 10 shown at Figure 1 in that the ion inlet 
plate 12 with the ion inlet 14 is replaced with an endplate 46 absent an orifice. 
Accordingly, ions 30 are produced at a not illustrated ionization source and enter the 
stacked parallel plate FAIMS analyzer of Figure 3a from between a pair of electrodes 
within the electrode stack 24. To this end, a flow of a gas 48 is provided from between 
the same pair of electrodes, so as to carry the ions 30 from the ionization source into the 
gap 20. The ions 30 pass along the analytical gap 20 between the electrode stack 24 and 
the flat plate electrode 22, as was described above with reference to Figure 1. The gas . 
flows 32, 34, and 48 converge in a region 36 adjacent to the ion outlet 18, and exit the 
analytical gap 20 via the ion outlet 18. Advantageously, the ions 30 are carried 
predominantly through the analytical gap 20 between the flat plate electrode 22 and the 
electrode stack 24, and are channelled towards and through the ion outlet 18 as a result of 
the convergence of gas flows to the region 36 adjacent to the ion outlet 18. Since the 
stacked parallel plate FAIMS analyzer of Figure 3a transports and separates ions based 
upon the FAIMS principle, only a sub-set 38 of the original mixture of ions 30 is 
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transported to tiie ion outlet 18. Some of ttiese selectively transported ions 38 pass 
through the ion outlet 18, and may be transported to one of an ion detection system, 
another ion mobility spectrometer, or alternatively to a mass spectrometer for further 
analysis. 

[0053] The gas flows 32 and 34 are optionally replaced or augmented by a not shown 
orifice through the end plate 46. Preferably, at least a gas flow is provided along the 
length of the analytical gap 20 between the end plate 46 and the ion outlet 18, in order to 
more efficiently carry ions away from the edges of the electrode plates 26. In other 
words, the at least a gas flow disrupts the tendency of ions to become trapped within the 
electric fields that exist around the ends of the electrodes 26. 

[0054] Referring now to Figure 3b, shown is the stacked parallel plate FAIMS analyzer 
of Figure 3a in a second mode of operation. Elements labeled with the same numerals 
have the same function as those illustrated in Figure 3a. In Figure 3b, ions 30 from one 
or more ion sources are introduced into the analytical gap from between plural pairs of 
electrodes within the electrode stack 24. A gas flow 48 is also provided from between 
the plural pairs of electrodes, for carrying the ions 30 through the space between 
electrodes of the pairs of electrodes and into the analytical gap 20. Advantageously, the 
stacked parallel plate FAIMS analyzer when operated in a mode as shown in Figure 3b 
provides an increased volume for separating ions compared to the above-mentioned 
embodiments. Accordingly, ion density within each space between pairs of electrodes 
may be reduced, such that ion loss as a result of ion-ion repulsion and space charge 
effects is reduced. Furthermore, ions that are other than of interest are lost to the 
electrodes during transit through the space between the pairs of electrodes, such that 
mostly ions of interest, for example ions comprising the subset 38 of the original mixture 
of ions 30, are transmitted into the analytical gap 20. Accordingly, the ion density 
introduced into the analytical gap 20 is reduced relative to a system in which ions 
produced at an ionization source are introduced directly into the analytical gap and the 
efficiency of the device as a collector is increased. Advantageously, the gas flows 32 and 
34 through the analytical gap 20 serve to collect and transmit the ions of the subset of 
ions 38 from around the ends of the electrodes 26 and towards the ion outlet 18. 
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[0055] Optionally, one or both of the electrode stack 24 and the flat plate electrode 22 
are moveable one relative to the other, so as to vary the size of the analytical gap 20 
therebetween. Fxirther optionally, non-uniform spacing is provided between facing 
surfaces of adjacent electrode plates within the electrode stack 24. 

[0056] Optionally, the flat plate electrode 22 is provided as a conductive surface facing 
the analytical gap 20 that is applied to the not illustrated electrically insulating material. 
For instance, the conductive surface is a thin conductive layer deposited onto the not 
illustrated electrically insulating material using known techniques. 

[0057] Optionally, a dc potential gradient is established along the length of the 
electrode stack such that an electrode 26 is, for example, one volt higher that the next 
occurring electrode 26 (along the ion flow path through the analytical gap 40). The 
altemating electrodes 28 mirror this pattern. This results in a CV between electrodes 26 
and 28 that vary by + 1 volt from flie standard operating mode and a CV between the flat 
plate electrode 22 and electrodes 26 that increases by 1 volt at the next occurring 
electrode 26. This causes the focusing region to move closer to the ends of the electrodes 
26 along the length of the electrode stack. This may be desirable under specific 
circumstances. 

[0058] Referring now to Figure 4, shown is a simplified cross sectional view of another 
stacked parallel plate FAIMS analyzer according to an embodiment of the instant 
invention. The stacked parallel plate FAIMS analyzer, shown generally at 50, includes 
an ion inlet plate 52 with ion inlet 54, and an ion outlet plate 56 with ion outlet 58. A not 
illustrated electrically insulating material supports the plates 52 and 56 in a spaced-apart 
parallel arrangement An analytical gap 60, which extends between the ion inlet plate 52 
and the ion outlet plate 56, is defined between an edge of a first electrode stack 62 and a 
facing edge of a second electrode stack 64. Each one of the first electrode stack 62 md 
the second electrode stack 64 includes a plurality of electrode plates that are arranged, 
within a same stack, in a spaced-apart parallel arrangement relative to one another and 
relative to each one of the ion inlet plate 52 and the ion outlet plate 56. Of course, the 
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electrically insulating material in which the plurality of electrode plates are supported has 
been omitted in Figure 4 for the sake of clarity. 

[0059] Individual electrode plates within each one of the first electrode stack 62 and the 
second electrode stack 64 are categorized into two different types of electrode plates 66 
and 68, which are identified conveniently by the electric voltages applied to them by a 
not illustrated electrical controller. For example, each one of the electrode plates 66 has 
an asymmetric waveform and a dc compensation voltage applied to it; whilst each one of 
the electrode plates 68 has a dc voltage applied to it, or is held at ground potential. 
Optionally, different dc voltages are applied to one or more of the ion inlet plate 52, the 
ion outlet plate 56 and the electrode plates 68. Of course, many other possible 
combinations of applying the dc voltages and the asymmetric waveform to the electrode 
plates of the stacked parallel plate FAIMS analyzer 50 will be apparent to one of skill in 
the art. It should be understood that the above example is intended to serve only as a 
specific and non-limiting example to facilitate a more complete understanding of the 
instant invention. 

[0060] The arrangement of the electrode plates 66 and 68 within each of the first 
electrode stack 62 and the second electrode stack 64 of the stacked parallel plate FAIMS 
analyzer 50 is important. Each electrode plate 66 is surrounded, above and below in 
Figure 4, by a plate that does not carry the asymmetric waveform, for example one of the 
ion inlet plate 52, the ion outlet plate 56 and an electrode plate 68. Furthermore, the 
arrangement of the electrode plates 66 and 68 within the first electrode stack 62 is not 
identical to the arrangement of the electrode plates 66 and 68 within the second electrode 
stack 64. In Figure 4, each one of the electrode plates 66 within the first electrode stack 
62 is aligned with an electrode plate 68 within the second electrode stack 64. For clarity, 
two electrode plates disposed one each on opposite sides of the gap 60 are considered to 
be aligned one to the other when they are located a same vertical distance from ion inlet 
plate 52. 

[0061] Referring now to Figure 5, shown is a first optional pattern of gas flow through 
the stacked parallel plate FAIMS analyzer of Figure 4. Elements labeled with the same 
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numerals have the same function as those illustrated in Figure 4. In this case, two 
streams of a gas flow 70 is provided from between the ion inlet plate 52 and the first and 
second electrode stacks 62 and 64, respectively. The two streams of the gas flow 70 
converge in region 72 and the converged stream flows out of the ion outlet 58. In this 
way the ions are carried predominantly through the gap 60 between the first electrode 
stack 62 and the second electrode stack 64, Ions are channeled towards and through the 
ion outlet 58 because of the convergence of gas flows 74 to this location. Optionally, a 
gas flow 70 is provided from between all of the pairs of electrodes in first electrode stack 
62 and the second electrode stack 64. 

[0062] Referring now to Figure 6, shown is an example of an ion trajectory through the 
stacked parallel plate FAIMS analyzer of Figure 4. Elements labeled with the same 
numerals have the same function as those illustrated in Figure 4, Ions 100 are produced 
at a not illustrated ionization source and enter the stacked parallel plate FAIMS analyzer 
50 through the ion inlet 54 in the ion inlet plate 52. The ions 100 follow various 
trajectories through the analytical gap 60 between the ion inlet 54 and the ion outlet 58. 
One hypothetical ion trajectory is represented by the solid line 102 in Figure 6. Since the 
device 50 operates on the basis of the FAJMS principle, only those ions 104 whose 
trajectory through tiie analytical gap 60 is stable for a given combination of applied DV 
and CV are transmitted to the ion outlet 58. The ions 104 represent a sub-set of all of the 
types of ions 100 entering the device 50, namely those ions with the appropriate ratio of 
high field mobility to low fleld mobility. Some of these selectively transported ions 104 
pass through the ion outlet 58, and may be transported to one of an ion detection system, 
another ion mobility spectrometer, or altematively to a mass spectrometer for further 
analysis. 

[0063] Referring now to Figure 7, shown is a schematic representation of the effect of 
the electric fields within the stacked parallel plate analyzer 50 of Figure 4 on the 
trajectory of an ion. Elements labeled with the same numerals have the same function as 
those illustrated in Figure 4. As was described with reference to Figure 4 above, the 
asymmetric waveform and dc compensation voltage is applied to electrode plates 66, and 
a dc voltage (or optionally ground potential) is applied to electrode plates 68. The 
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electric fields between the electrode plates 66 and 68 comprise a variable (asymmetric 
waveform) component and a constant dc (in time) component Hie application of the 
asymmetric waveform results in an electric field that is stronger in one polarity than in 
the othen Since the mobility of the ion may be higher or lower in the stronger field than 
in the lower field of opposite polarity, the oscillation of the ion may cause it to drift 
towards one of the electrodes. The dc component of the electric field is applied in order 
to counteract, or compensate, for this drift. Under the correct combination of asymmetric 
waveform and applied dc voltage difference between the electrode plates, ions with an 
appropriate ratio of mobility at high field to mobility at low field are in a balanced 
condition. In other words, the drift effect caused by the electric field arising from the 
applied CV just matches the drift effect caused by application of the waveform with peak 
voltage DV. 

[0064] The electric field between electrodes 66 and 68 is constant in space, i.e. uniform 
between the electrodes. However, the electric field between electrodes 66 and 68 begins 
to change near the edges of the electrodes. The field at the edge of each electrode 66 
varies in strength with distance away from the edge and extends into the analytical gap 
60. The application of the DV and the CV combined with the non-uniform field at the 
edge results in an ion-focusing region 80 proximate to electrode 66 in which ions 
maintain their balanced condition. That is to say, at distances very close to the edge of 
electrode 66 where the field is strong the ions migrate away from the electrode 66 to the 
region 80, and at positions in the analytical gap 60 where the field is weaker the ions 
migrate towards the electrode 66 to region 80. Ions are extracted from region 80 under 
the influence of, for example, a gas flow 82 or a potential gradient along the length of the 
electrode stacks 62 and 64. 

[0065] Accordingly, the ions travel through the analytical gap 60 with trajectories 
having characteristics such as that shown as 90 in Figure 7. When the ion is between 
electrodes 66 and 68 of facing electrode stacks, the ion will prefer to be located at the 
focus area 80. If the ion is carried from between one pair of facing electrodes 66 and 68 
to the next adjacent pair by the flow of gas 82, the electrodes have effectively "switched 
sides" and the new optimum focus region 80 is now on the other side of the analytical 
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gap 60 between the stacks of electrodes 62, 64. The ion therefore undulates from one 
side of the analytical gap 60 to the other as it is carried by gas flow 82. The progression 
of ion flow from one focusing region to the next maximizes ion transmission efficiency 
through the analytical gap 60. 

[0066] The ion trajectory 90 shown in Figure 7 suggests that altemative methods for 
applying the dc voltages to the electrodes 66, 68 can be visualized. For example, the CV, 
which creates the dc fields between electrodes 66 and 68, can be distributed between 
electrodes 66 and 68. In the example above, all of the CV, for example a dc voltage of 
-10 volts, was superimposed on the waveform applied to electrodes 66 while electrodes 
68 were kept at ground potential. Alternatively, a dc voltage of -5 volts is applied to 
electrodes 66 superimposed on the waveform, and electrodes 68 are biased to +5 volts. 
The net difference of 10 volts and the proper polarity between electrodes 66 and 68 is 
maintained. 

[0067] Optionally, a dc voltage gradient is created along the length of the electrode 
stacks 62, 64. In this case, a first voltage gradient along the length of the electrodes is 
introduced by an offset in dc voltage from layer to layer along the stack. For example at 
the first layer, both aligned electrodes 68 and 66 are held at +10 volts. At the next layer, 
both aligned electrodes 66 and 68 (in opposite order than in the previous layer) are held at 
+9 volts. This imposes a 1 volt difference between layers, and therefore a field along the 
length of the electrode stacks 62, 64. Each subsequent layer is also biased 1 volt lower 
(for example) relative to the previous layer. However, further voltages must be 
superimposed on the dc voltages that are described above to create a FAIMS system. For 
example, when an asymmetric waveform is applied to the electrodes 66, a selected ion 
cannot be transmitted under the above-described conditions because a compensating field 
does not exist to counteract the migration of the ion towards one of the electrodes as a 
result of the ion mobility in the alternating strong and weak fields thereby created. 
Fortunately, the CV is not defined by an absolute voltage, but rather as a difference in 
voltages between the electrodes 66 and 68. For example, for ion transmission to occur 
each electrode 66 must be 10 volts more negative than each electrode 68 or alternately 
stated a dc voltage difference of 10 volts in the right polarity must exist between each 
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electrode 66 and 68. Of course, the actual value of the CV required to establish a 
balanced condition is always dependent upon an ion identity as well as a number of 
operating conditions. In order to apply both a voltage gradient along the length of the 
electrode stacks 62, 64 as well as the desired compensation voltage a compromise 
condition results where the CV between electrodes 66 and 68 within a stack vary, in this 
example, by ± 1 volt from the CV of 10 volts between aligned electrodes. The dc 
compensation field cannot be identical on both sides of each plate since a fixed voltage 
difference (to create the gradient) is superimposed on the requirement for a compensation 
voltage. 

[0068] Optionally, the electrode stacks 62 and 64 are moveable one relative to the 
other, so as to vary the size of the analytical gap 60 therebetween. Further optionally, 
non-uniform spacing is provided between facing surfaces of adjacent electrode plates 
within a same electrode stack. Still further optionally, ions are provided from between 
one or more pairs of electrodes in either or both of the electrode stacks 62 and 64, in a 
manner similar to that described with reference to Figures 3a and 3b abdve. 

[0069] Referring now to Figure 8a, shown is a simplified cross sectional view of 
another stacked electrode FAIMS analyzer according to an embodiment of the instant 
invention. In Figure 8a, the electrode stack 24 of the stacked parallel plate FAIMS 
analyzer 10 of Figure 1 is replaced with an electrode stack 110 including a plurality of 
spaced-apart parallel wires or rods. The stacked electrode FAIMS analyzer, shown 
generally at 120, includes an ion inlet plate 12 with an ion inlet 14, and an ion outlet plate 
16 with an ion outlet 18. A not illustrated electrically insulating material supports the 
plates 12 and 16 in a spaced-apart parallel arrangement. An analytical gap 122, which 
extends between the ion inlet plate 12 and the ion outlet plate 16, is defined between the 
electrode stack 110 and a facing surface of a flat plate electrode 124. The electrode stack 
110 includes individual wires or rods that are arranged in a spaced-apart parallel 
arrangement relative to one another and relative to each one of the ion inlet plate 12 and 
the ion outlet plate 16. Each wire or rod is either made from conducting material or has a 
conducting surface layer. Of course, the electrically insulating material in which the 
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plurality of spaced-apart parallel wires or rods 110 and the flat plate electrode 124 are 
supported has been omitted in Figure 8a for the sake of clarity. 

[0070] The individual spaced-apart parallel wires or rods are categorized into two 
different electrodes 126 and 128, which are identified conveniently by the electric 
voltages applied to them by a not illustrated electrical controller. For example, each one 
of the electrodes 126 has an asymmetric waveform and a dc compensation voltage 
applied to it; whilst each one of the electrodes 128 has a dc voltage applied to it, or is 
held at ground potential. Additionally, the flat plate electrode 124 has a dc voltage 
applied to it, or is held at ground potential. Optionally, different dc voltages are applied 
to one or more of the ion inlet plate 12, the ion outlet plate 16 and the flat plate electrode 
124, Of course, many other possible combinations of applying the dc voltages and the 
asymmetric waveform to the electrodes of the stacked electrode FAIMS analyzer 120 will 
be apparent to one of skill in the art. It should be understood that the above example is 
intended to serve only as a specific and non-limiting example to facilitate a more 
complete understanding of the instant invention. 

[00711 Figure 8b is a simplified isometric view illustiating the shape of the electrodes 
of the stacked electrode FAIMS analyzer of Figure 8a. Elements labeled with the same 
numerals have the same function as those illustrated in Figure 8a. 

[0072] Figure 9a shows an optional electrode arrangement of the stacked parallel plate 
FAIMS analyzer of Figure 4. The stacked parallel plate FAIMS analyzer, shown 
generally at 130, has an electrode arrangement in which adjacent electrode plates within 
each a same stack are offset slightly in a regular fashion in a direction transverse to a 
length of the stack. Accordingly, the edges of the electrode stacks remain aligned, Le. the 
edges of the electrode plates within a stack define a straight line and define an analytical 
gap 60a that is of approximately uniform width. The angle of alignment of this optional 
electrode arrangement relative to the ion inlet plate is no longer 90 degrees. 

[0073] Of course, any of the embodiments described supra are optionally modified in a 
manner similar to that shown in Figure 9a. Further optionally, specifically for those 
embodiments having a flat plate electrode instead of a second stack, the flat plate 
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electrode is replaced with an electrode plate that is curved in a direction along the length 
of the electrode. In addition, the electrode plates of an electrode stack adjacent to the 
curved electrode plate are disposed at a distance from the curved plate electrode so as to 
maintain a substantially uniform spacing therebetween. 

[0074] Referring now to Figure 9b, shown is an optional electrode arrangement of the 
stacked parallel plate FAIMS analyzer of Figure 1. The electrode plates are arranged 
parallel one relative to another, but are not perpendicular to the flat plate electrode. 

[0075] Referring now to Figure 10, shown is the stacked parallel plate FAIMS analyzer 
of Figure 4 with a vertically adjustable electrode stack. The adjustable electrode stack, 
shown in Figure 10 at 142, is relatively moveable in a direction towards at least one of 
the ion inlet plate 52 and the ion outlet plate 56. Moving the adjustable electrode stack 
142 relative to the other electrode stack 62 results in a small offset between aligned 
plates, as indicated by the dotted line in Figure 10. This offset can be used to perturb the 
electric fields within the analytical gap 60b so as to empirically optimize ion transmission 
through the device. 

[0076] Optionally, a formed electrode replaces at least some of the electrodes within an 
electrode stack. Referring now to Figure 11, shown is a simplified cross sectional view 
of a FAIMS analyzer according to an embodiment of the instant invention and including 
a formed electrode. The FAIMS analyzer includes a not illustrated electrical controller 
that is cormectable to an electrode assembly shown generally at 150 in Figure 11. The 
electrode assembly 150 includes a formed electrode in the form of a first electrode 152 
including a first plurality of electrode portions, for instance protrusions 156. The 
electrode assembly 150 further includes a plurality of spaced-apart rods or wires 154. 
Each rod or wire 154 of the plurality of rods or wires is arranged in an altemating 
sequence with the plurality of electrode portions 156 of the first electrode 152, as shown 
in Figure 11. In particular, one rod or wire 154 of the plurality of rods or wires is 
disposed within a space between two adjacent protrusions 156 of the first electrode 152, 
and is supported by a not illustrated electrically insulating material. A portion of each 
rod or wire 154 between two adjacent protrusions 156 of the first electrode 152 is not 
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embedded within the electrically insulating material. As is shown in Figure 11, the centre 
of each rod or wire 154 is aligned with a terminal edge of each protrusion 156 within an 
analjrtical gap 160, which is defined by a space between the first electrode 152 and an 
electrode plate 158. Optionally, each rod or wire 154 is displaced in a direction toward 
the electrode plate 158 Collectively, the portion of each rod or wire 154 of the plurality of 
rods or wires comprises a second electrode in the form of a second plurality of electrode 
portions. Furthermore, each rod or wire 154 of the plurality of rods or wires is in 
electrical communication with the electrical controller for receiving at least an 
asymmetric waveform voltage. 

[0077] The electrode plate 158 and the formed electrode 152, which form a part of the 
electrode assembly 150, are in electrical communication with the electrical controller for 
receiving direct current voltages, or optionally are held at ground potential. The dc 
voltages are selected to create ion focusing regions in the vicinity of each rod or wire 
154. Ions having appropriate high field mobility properties for a given combination of 
applied asymmetric waveform voltage and dc voltage are selectively transmitted within 
the analytical gap 160 between an ion inlet end and an ion outlet end thereof. 

[0078] Of course, many other possible combinations of applying the dc voltages and 
the asymmetric waveform to the electrode assembly 150 will be apparent to one of skill 
in the art. It should be understood that the above example is intended to serve only as a 
specific and non-limiting example to facilitate a more complete understanding of the 
instant invention. 

[0079] Referring now to Figure 12, shown is a simplified cross sectional view of a 
FAIMS analyzer according to an embodiment of the instant invention and including two 
formed electrodes. The FAIMS analyzer includes at least a not illustrated electrical 
controller for being electrically coupled to an electrode assembly shown generally at 180 
in Figure 12. The electrode assembly 180 includes a first formed electrode in the form of 
a first electrode 182 including a first plurality of electrode portions, for instance a 
plurality of protrusions 186. The first electrode 182 is electrically coupled to an electrical 
controller of the at least an electrical controller for receiving a dc voltage. The electrode 
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assembly 180 further includes a second formed electrode in the form of a second 
electrode 188 including a second plurality of electrode portions, for instance a plurality of 
protrusions 190. The second electrode 188 is provided in a spaced apart facing 
arrangement with the first electrode 182, defining an analytical gap 194 therebetween. 
The second electrode 188 is electrically coupled to an electrical controller for receiving a 
dc voltage. Each protrusion 186 of the first electrode 182 is aligned with a protrusion 
190 of the second electrode 188. In addition, the electrode assembly 180 includes a 
plurality of spaced-apart rods or wires. Each rod or wire 184 of the plurality of rods or 
wires is disposed within the analytical gap 194 between the first and second electrodes 
182 and 188, respectively. Preferably, the centre of each rod or wire 184 is disposed at 
point that is approximately midway between two pairs of adjacent protrusions in a 
longitudinal direction and midway between the first and second electrodes 182 and 188 in 
a transverse direction. Each rod or wire 184 of the plurality of rods or wires is supported 
by a not illustrated electrically insulating material. Each rod or wire 184 of the plurality 
of rods or wires is electrically coupled to an electrical controller for receiving an 
asjmimetric waveform voltage and optionally a dc voltage. 

[0080] As mentioned above, the space between the first electrode 182 and the second 
electrode 188 defines an analytical gap 194 for allowing ions to propagate therethrough. 
Ions having appropriate high field mobility properties for a given combination of applied 
asymmetric waveform voltage and CV are selectively transmitted within the analytical 
gap 194 between an ion inlet end and an ion outlet end thereof. Of course, many other 
possible combinations of applying the dc voltages and the asymmetric waveform voltage 
to the electrode assembly 180 will be apparent to one of skill in the art It should be 
understood tfiat the above example is intended to serve only as a specific and non- 
limiting example to facilitate a more complete understanding of the instant invention. It 
is important, however, that each electrode portion to which an asymmetric waveform is 
applied is surrounded above, below and to flie side with electrode portions to which only 
a dc voltage is applied. For example, the asymmetric waveform voltage is applied to the 
first and second electrodes 182 and 188 and not to the rods or wires 184. 
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[0081] Referring now to Figure 13, shown is another FAIMS analyzer according to an 
embodiment of the instant invention and including two formed electrodes. Elements 
labelled with the same numerals have the same functions as those elements shown at 
Figure 12. In Figure 13, the first electrode 182 is shifted relative to the second electrode 
188 such that the protrusions 186 of the first electrode 182 are other than aligned with the 
protrusions 190 of the second electrode 188. Accordingly, the asymmetric waveform 
must be applied to the first electrode 182 and the second electrode 188 in Figure 13. A 
direct current voltage is applied to rods or wires of each one of a first plurality of rods or 
wires 185 and a second plurality of rods or wires 192. 

[0082] Referring now to Figure 14, shown is a simplified flow diagram for a method of 
separating ions according to the instant invention. At step 200, ions are introduced into a 
first space defined between adjacent electrode plates of a stacked parallel plate high field 
asymmetric waveform ion mobility spectrometer (FAIMS). At step 202, a subset of the 
ions is selectively transmitted in a first direction through the first space as a result of a 
particular combination of applied asymmetric waveform and dc compensation voltage. 
In other words, a first separation of the ions is performed within the first space. At step 
204, the subset of the ions is directed along a second space in a second direction 
approximately transverse to the first direction. At step 206, some of the subset of ions is 
selectively transmitted through the second space towards an ion outlet. In other words, a 
second separation of the ions is performed within the second space. The some of the 
subset of the ions are subsequently extracted at step 208 for detection or further analysis. 

[0083] Of course, different configurations of an electrical controller are envisaged as 
options for providing the asymmetric waveform voltage and the CV. Power sources may 
be combined in one housing or may be in the form of separately housed components. 
The electrical controller may include an electronic circuit, for instance to generate the 
asymmetric waveform, or may be a simple device such as an electrically conducting wire 
for maintaining an electrode at ground potential. The term electrical controller has been 
used to denote the means by which a desired voltage is applied and maintained on an 
electrode. Although the foregoing detailed description of the instant invention describes 
electrical voltages as being applied to specific electrodes of the various electrode 
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assemblies, for example via electrical contacts carried on the specific electrodes, it is to 
be understood that the effect is to apply a desired voltage between electrodes so as to 
establish an electrical field for separating the ions. Of course, the strength of the electric 
field that is established is dependent upon the voltages that are applied between the 
electrodes, as well as the distance between the electrodes that are used to establish the 
fields. 

[0084] It is an advantage of some embodiments of the instant invention that higher 
resolution is achieved relative to prior art devices. For instance, a first CV may be 
applied to separate a subset of the ions within a first portion of the device according to 
the instant invention, followed by application of a second different CV to transmit a 
smaller subset of the ions within a second portion of the.device according to the instant 
invention. 

[0085] Numerous other embodiments may be envisaged without departing from the 
spirit and scope of the invention. 
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